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I Abstract 

^ j . In this paper we discuss one-loop results for the translation invariant non-commu- 

qq ' tative gauge field model we recently introduced in ref. [1]. This model relies on the 

\^ . addition of some carefully chosen extra terms in the action which mix long and short 

t-H ' scales in order to circumvent the infamous UV/IR mixing, and were motivated by the 

. renormalizable non-commutative scalar model of Gurau et al. [5] . 
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1 Introduction 



Motivated by the goal of combining quantum field theories and gravity in a consistent man- 
ner, numerous models of quantum field theories using non-commuting space-time coordinates 
have been studied in recent years OH]. Especially, models on flat ^-deformed spaces have 
been considered where the non-commutativity is implemented by the Weyl-Moyal star prod- 
uct [51 E], 



(i) 



and where the parameters 6^ v = —O 11 ^ are real constants. In the following, we assume that 



the deformation matrix 



'flU, 



has the simple block-diagonal form 



J flU J 



I o 1 

-1 



\ o o 



\ 



1 

-1 0/ 



with 9 E 



(2) 



So far, only some non-commutative scalar models on flat Euclidean space have been found to 
be renormalizable [H El [2]. In a recent letter p], however, we proposed a promising candidate 
for a renormalizable non-commutative U(l) gauge field modeQ in Euclidean space where the 
gauge invariant action was supplemented by an additional term, i.e. 



d A x 



1 I a' 2 

A l a/ A 



D 2 D 2 



(3) 



where 



F^u = d^A u - duAft - ig [A^ * A v 
1 



D 2 



2\-l* 



i.e. ^*D 2 
with D,, 



(4) 



and D u is the covariant derivative. Formally, the second term in the action is a gauge 
invariant extension of the one introduced in the renormalizable non-commutative scalar 
model proposed by Gurau et al. which reads 

„2 



S\6]= / (fx 



1 



□ 



+ 



A 
4! 



(5) 



The A -ternfl was included as a non-local counter term for the quadratic IR divergence which 
arises due to the infamous UV/IR mixing problem of non-commutative quantum field theory. 
In fact, it is more than a mere counter term: It modifies the propagator in such a way that 
it tends to zero for small momenta k 2 , i.e. in momentum space the scalar propagator reads 



G(k) 



k 2 + m 2 + S| 



(6) 



1 In fact, there are also two other candidates on the market, but these either reduce the degrees of freedom [9l 
UOj or break translation invariance and have difficulties with non-trivial vacuum configurations |1U 1121 113] 
(although the latter problem might be solved 114)). 

2 Notice that from Eqn. j2} follows □ = 6 2 U. 
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It was in fact this new "damping behaviour" that motivated the introduction of the gauge 
field action ([3]) above, as we believe it will cure the UV/IR mixing problem^]. Note, that the 
term used here differs from the one one would expect as a counter term for the quadratic 
IR divergence of a non-commutative gauge model |15j . Such a counter term would be of the 
form 

[d A xF*^J—*F with F = e^ v F uv . (7) 

However, this counter term does not lead to an "improved" propagator in the sense that it 
damps IR divergences. Therefore the alternative in Eqn. ([3]) was constructed. 



2 The Model and its Feynman Rules 

As mentioned in the introduction, the damping property of the i term in the renormalizable 
non-commutative scalar </> 4 theory introduced by Gurau et al. [2] motivates the search for 
an analogon in U(l) gauge theory. A corresponding model has been presented in a recent 
work [1], leading to the gauge fixed action 



r(°) 

5*inv 



d A x ' 



12 



-F^ * F uu + -F^ u * 
4 ^4 D 2 D 2 



*F, 



d XC-k 



1 + 



a 



12 



d 4 x 



□ □ 
12 



d»A„ - -b 

2 



b* 1 + 



a 



a 



b-kb — c* ( 1 + 



(8) 



in Euclidean space, where _,„ -„ * F ul/ in the gauge invariant part of the action S- mv is to be 
understood as a formal power series in the gauge field An (for details we refer to Ref. [1J ) . The 
field tensor F^ v has already been defined in Eqn. (T2|) in the introduction, b is the Lagrange 
multiplier field implementing the gauge fixing, c and c are the ghost and antighost, and a 
and a' are dimensionless parameters. As in the corresponding scalar model we expect the 
new parameter a' to play an essential role in the renormalization procedure which is the 
reason it has been introduced in the action. 

The gauge fixed action ([8]) is invariant under the BRST transformations 



sAf, = D^c = d^c - ig [A^ * c] , 
sc = igc * c, 

s 2 (f = for if G {A^, c, c, b} . 



sc = b, 
sb = 0, 



(9) 



As indicated above in ([8]), the gauge fixing part Sgf is BRST exact. Moreover, it follows that 



s 1 1^2 * 



15 



r * J-F 



, as was previously shown in Ref. pp. 



3 It is interesting to mention that the same damping behaviour lim Gu, v (k) = is also obtained for the 

fe 2 ^0 

gluon propagator in regular QCD when one restricts the path integral to the region Q, inside the first Gribov 
horizon 1161 1171. 
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However, this model incorporates a drawback arising from the fact that the series expan- 



sion of the 



D 2 D 2 



•k Fnu term introduces an infinite number of gauge boson vertices. Hence it 



is not possible to compute a finite sum of contributions in a given loop order. Furthermore, 



any approximation to the infinite series 



■*Fn V with just a finite number of terms cannot 



D 2 D 2 --if 

be gauge invariant, and therefore any explicitly calculated (physical) quantities using such 
an approximation will fail to be gauge invariant as well. 

Fortunately, these problems can be circumvented by the introduction of a new antisym- 
metric field B pu of mass dimension two. The respective terms in the action replacing the 
infinite power series read 



S t 



(2) 



(fx 



O Bpy * FfJLV 



B pv *D 2 D 2 *B 



and gauge invariance is given if B pu transforms covariantly, i.e. 



sB^ = ig[c* B pu ] 



By reinserting its equation of motion 



5S 



(2) 



6B 



a'F pa -2D 2 D 2 *B pa 



(10) 



(12) 



pa 



into (|10p one arrives once more at the original terms: 

,'2 \ / 



(2) 



d A x 
d 4 x 



a ■ 



2D 2 D 2 



-,'2 



2D 2 D 2 



*F, 



*^F 



If, 



,'2 



*F, 



4""" " D 2 D 2 "'""J ' (13) 

Note that the latter term vanishes in the limit a' —* while in the "improved" formulation 
given in Eqn. ([TO]) the second term does not. Hence, the newly introduced B pv is a dynamic 
field whose existence is independent from the value of the parameter a'. 

Finally, from Eqn. J5J) with the second term replaced by Eqn. (|10p the equations of motion 
for the free theory arej 



&gbil 
8 A" 
8S hi i 
8B» V 
&gbil 
5b 

&SbU 
5c 



d u d„) A» - 2a'd»B pv 



-i A 



a' (d^A 



12 



dvA^) 



2UUB 



flU 



J [IV 



1 + 



a ■ 



d»A„ - ab 



-,'2 



□ + 



□ 



(14) 



Hence, one finds the propagators 



, k 



/WVV = ° A A k ) = ^£ (V - + ] > (15a) 



4 As usual, the external sources = {j^ , j b , j c , j c } have been introduced via the Legendre transfor- 
mation Z^]j*] = Sbii [<j>[f]] with = {A, B, b, c, c}. 
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G 5c (k) 



fc2 + f ' 



(15b) 



-ia' (k T 5 pa - k a 5 i 



J PT) 



k 1~ k 2 (k 2 + ^ 



(15c) 



4k 2 k 2 



S pe 5 aT +a' 



12 ' 



k a k T 5p e -\- kpk 6 5 a 



h h h - 

hj a hj e u pr 



kpk T 5 a 



k 2 k 2 (k 2 + ^ 



(15d) 



The latter two are antisymmetric in the index pairs corresponding to the B pv fields, i.e 

G AB T {k) = -Gf B a (k) = -G B T A p (k) , 

Gpa,Te(k) = ~G (TpTe {k) = —G BB eT (k) . 
Notice furthermore the relations 



(16) 



2k 2 k 2 G AB {k) = \a%G^{k) - m'k v G AA (k) 



1 



^ 2 k 2 G BB {k) = - {5 pp 5 ua - 5p a 5 up ) + \a'kpG BA u {k) - \a'k u G BA {k) 



(17) 



which directly follow from the equations of motion for Bp U , Eqn. (|12p with the right hand 
side replaced by the source —j B u ^ 0. An interesting question is whether the relations (fT7|) 
survive on the quantum level, i.e. if they are still valid for the one-loop (or higher-loop) 
corrected propagators. 

The vertices give rather lengthy expressions; thus, they are listed in Appendix |A] In 
addition to the usual ones describing interactions between (anti)ghost and gauge bosons, 
one now also has interactions of gauge bosons with B pu fields giving rise to numerous new 
Feynman diagrams. 

Finally, a few comments on the gauge fixing we have chosen for this model is in order: 
The purpose of the insertion of the operator ^1 + into the gauge fixing part of the 

action S g f in Eqn. (j5J) is to further improve the gauge field propagator, i.e. the a-dependent 
term, as well as the ghost propagator. In the case of a = the gauge fixing condition (for 
vanishing external source j b ) is given by 

,/2 \ 

(18) 



1 + _^ ^ A = , 
□□/ 

which in the limit a' — > reduces to the regular Lorenz gauge d^An = 0. However, from 
Eqn. (j!5a[) one sees that the gauge boson propagator becomes transversal with respect to k^ 
for a = and hence d^An = is fulfilled even when a' ^ 0. 



3 Power Counting 

In order to determine the superficial degree of (ultraviolet) divergence of an arbitrary Feyn- 
man graph of the present model, we take into account the powers of internal momenta k 



5 



each Feynman rule contributes and also that each loop integral over 4-dimensional space 
increases the degree by 4. For example, the gauge boson propagator behaves like l/k 2 for 
large k and therefore reduces the degree of divergence by 2, whereas each ghost vertex (cf. 
Eqn. (|39cj) in Appendix |Aj) contributes one power of k to the numerator of a graph, hence 
increasing the degree by one. Continuing these considerations for all other Feynman rules 
we arrive at 

d 7 = 4L - 21 A - 2I C - 57 ab ~ 4Ibb + V c + V 3A + 3V BBA + 2V 2B2 A + V 2B3A , (19) 

where the I and V denote the number of the various types of internal lines and vertices, 
respectively (see Eqn. (fl~5|) and Appendix [A]). The number of loop integrals L is given by 

L = Ia + h + Iab + Ibb — 

- (V c + V 3 a + Via + Vbaa + Vbba + V 2B2 a + V 2B3 a + V 2B 4A — 1) . 

Furthermore, we take into account the relations 

E c/ - C + 2I C = 2V C , 

E A + 21 A + Iab = V c + 3V 3A + 4V 4A + 2V B aa + Vbba + 2V 2B 2A + 3V 2B3 a + ^V 2B4A , 

E B + 2I BB + Ia B = V B AA + 2VbbA + 2 ^2_B2A + 2^253^ + %V 2 B4A , 

Eq = 21 ab + %I BB — 2V BB a — 2V 2B2 a — 2V 2B3 a — 2V 2B 4A , 
E a > = Iab + Vbaa , (20) 

between the various Feynman rules describing how they (and how many) can be connected 
to one another. The E c / 5 , Ea and E B denote the number of external lines of the respective 
fields whereas Eg and E a i count the negative powers of and positive powers of a' in a graph, 
respectively. Using these relations one can eliminate all internal lines and vertices from the 
power counting formula. From the last three lines of Eqn. (|20f) it follows that E B + Eg = E a i, 
and therefore we find two alternative expressions for the power counting, reading 

ci 7 = 4 - E A - E cj - C - 2E B - 2E e , (21a) 
d y = 4 - E A - E c/S - 2E a , . (21b) 

In Eqn. (121aj) the superficial degree of divergence is reduced by the number of external legs 
weighted by the dimension of the respective fields (and parameters). However, this formula 
can be misleading, since Eq may also become negative in some graphs. Therefore, in practice, 
it is more convenient to use Eqn. (|21bj) . 



4 One-loop Calculations 

4.1 Preliminary Considerations 

Consider the simplest integral appearing in non-planar one-loop graphs of the model 



d A k— w . (22) 



e 



ikp 



fc2 + f 

Superficially, one would expect this integral to diverge quadratically necessitating the intro- 
duction of a UV cutoff. However, it is regularized by the phase and no cutoff is needed. This 
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is the usual mechanism leading to UV/IR mixing, and for dimensional reasons the above 
integral is expected to be oc Jj. However, insertions of such an IR divergent expression into 
higher loop graphs are regularized by the IR damping behaviour of additional propagators 
(see also ref. [32]). Hence, the present gauge model is expected to remedy the UV/IR mixing 
problem. 

In order to do the explicit calculation the denominator of (|22p can be written as 



i 



i 



k 2 + £ (fc2 + ia)(fc3-ia) 2 



1 



+ 



1 



{k 2 + ia) (k 2 — ia 



where a = a'/8. (Note that the rescaled parameter a has mass dimension two.) Furthermore, 
using Schwinger parametrization one arrives at 



J d 4 k J daexp [—a (k 2 + i£a) + i^ 



2 

j da— exp —a (i£a) 



£=±i 



£=±l 



4a 



2vr 2 



, cos am _£i 

aa = — e *q 

or 



(23) 



This integral can be looked up in Ref. [T9J (Eqn. 3.957/2), finally leading to the following 
combination of modified Bessel functions: 



Att z 



p 2 L 



e i7r / 4 if_i U^^y/ap) +e~' m ^K^ (e~' m ' A ^/^ 



For small arguments z — > the modified Bessel function of first type 
expansion 



1 



1 



1 



1 



-Kx(z) = -j + - lnz + - 7£ - In 2 - - + O(^) 



1 



(24) 
admits the 

(25) 



where denotes the Euler-Mascheroni constant. Being interested in the IR behaviour of the 
theory, this expansion can be applied to Eqn. (|24|) for the limit of small external momenta 
p, yielding, 

^ - avr 3 + 0{f) (26) 

The latter result again shows the expected behaviour, which has already been found in 
scalar theories [HI [2] . 



4.2 Vanishing Tadpole Graphs 

From the Feynman rules Eqn. (fToT) and Eqn. (i39l) four possible one-loop tadpole graphs with 
external gauge boson lines arise. These are depicted in Figure [TJ Each one of the tadpole 
graphs incorporates a factor sin (^^j with p and k being the external and internal momenta, 
respectively. But momentum conservation at the vertices implies p = 0. Hence, all four 
graphs vanish. 
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Figure 1: One-loop tadpole graphs 
4.3 Bosonic Vacuum Polarization 

The present model gives rise to twelve 1PI one-loop graphs with external boson lines. These 
are collected in Fig. [2] where the first three graphs are already known to appear in theories 
like QCD. Computing the respective integrals according to the Feynman rules Eqn. (fT5j) and 




Figure 2: Summary of contributions to the one-loop boson vacuum polarization 
Eqn. ([39]) one encounters expressions of the form 

= J d 4 k 2 ^(k,p) sin 2 (^^j , 

8 



Table 1: Symmetry factors for the graphs in Fig. [2] 



a ~ l 


s b =\ 


s c =l 


s d=§ 


S -i 


*/=l 


8g = l 


%=! 


Sj = l 


S— i 
b 3~2 


Sfc=l 





where Z^j, is a function in the external and internal momenta p and fc, respectively. Details 
are given in Appendix [Bj 

Since we are interested mainly in the IR behaviour of the theory the single-graph results 
are expanded for small external momenta p according to the rul^l 



[I / ^ 4 J-T ( n lA a \r^ ( M. 



d kZ llu (p, k) sin^ 



d 4 fcsin 2 ( m {X^(0,k)+p p [d Pp l^(p,k)] 



PpPa 



[d Pp d p „l^(p,k)] +0{p 3 ) . (27) 



To lowest order in the expansion (l27j) only five of the graphs depicted in Fig. [21 namely 
graphs a-e, are found to diverge superficially and read 



fill 



n 



(b) 



n (d) 



'(2tt) 



sin 



d 4 k- 



2 / kp 



fc 2 + f 



2 < 6k^k u + ak 



k 2 S, 



pn 



kuky ) 



k2 + a i 



(2vr) 4 



d 4 k sin 2 



kp 



2J fc2 + f 



2 ^ — h h 



kr 



k2 + ^ 



■ 2 ( kp\ kfj,k u 
. . ark sm — , . , 
(2tt) 4 ./ I 2 j k A 



Sd 



192g 2 

24g 2 
' e (2vr) 4 



j4 ; -2i kp\ kpk v 
d k sm — 1 



d 4 k 



,/2 / o 



2 y fc 4 

sin 2 (f) 



2 + 



A: 2 



,'2 



fc 4 



[Ak^ku + 2k'5^} 2 



(28a) 

(28b) 
(28c) 

(28d) 
(28e) 



where the symmetry factors are listed in Table [TJ The other graphs of Fig. [2] (graphs f-l) 
are found to be finite. This observation is consistent with the power counting formula (|2ip . 
since graphs g — l come with two overall powers of a', i.e. E a = 2, and graph / even has 4 
powers of a', i.e. E a = 4. 

After summing up all these contributions (and neglecting the finite terms) one arrives at 



5 Note, that the phase is not expanded in order to benefit from the regularizing effects in the non-planar 
parts due to rapid oscillations for large k. 
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the following expression for the quadratic IR divergence: 



n 



total 



G) 



Ag 2 



d 4 k sin 2 



kp 



k2 + % 



+ 



—FT I 2<V + "To + « 



2X — h h 



+ 



(> 2 + £ 



12 I ^k p k u 




k2 + 'i I 



k 2 \ k 2 



14—^ , t," + finite terms. 



kflkjy 

2Y2 



(k 



(29) 



We find a quadratically IR divergent term in the vacuum polarization which is independent 
from the gauge parameter a and transversal with respect to p p . One should also note that in 
the limit a' — > the a-dependent terms already drop out before integrating over k. In fact, 
a' does not actually play a role in one- loop UV/IR mixing since that effect is dominated by 
large k for which 

1 1 

^ + ?~^' 

Therefore it is not surprising that the result for the quadratic IR divergence of (j29[) does not 
depend on a'. Furthermore, it is interesting that the contribution from graphs d and e in 
Fig. [2] is transversal by itself (as is the contribution from the other three graphs). 

Finally, it should be stressed that the zero order terms in Eqn. (|29l) do not produce 
logarithmic IR divergences. As we will show now, this type of divergence only appears in 
the second order of the expansion (|27f) . (Note, that the first order terms vanish due to the 
symmetric integration of an odd power in k.) The explicit expressions for the second order 
terms of the graphs depicted in Fig. [2] with gauge fixing parameter a = 1 read: 



d 2 



j(a)\ PpPo 



^p pVa ^Jp=0 2 



( 01 j(c)\ PpPo 
KdVnVr, ^K=0 2 



<dp p p, 




4ff 2 1 L n KK ( A {kp) 
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a (2vr) 4 fc 4 I k 2 



k 2 



P ) +V( 4 k 2 



^\sp 2 



(kp) 



tPpPv - 10_ ^2~ (kfiPv +p ll k v ) + finite terms 



d 



(30a) 
(30b) 
(30c) 



\dp pP „^) P =o 2 Sd 



96g 2 1 
(2tt) 4 ¥ 



a (kp) , , j \ 

PpP" ~ 4_ F2~ {k/xPi/ + Pjj,kv ) 

k k 

+ 4 -^4~ ip{kp) 2 — k 2 p 2 ) + finite terms 



(30d) 
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92 J** = ~°M P -^ 2 - -^—^ I . (30.) 



^p p p CT ^/ P =o 2 t (2vr) 4 fc 4 ^ jfe2^ + ^ 

Notice, that the expansion (|27j) actually requires p 2 <C A; 2 as becomes clear when looking at 
the unexpanded expressions containing jj^p^p, given in Appendix IB1 Because according to 



^ (31) 



Eqn. (|27p we integrate over all fe there is a region where this expansion is not valid, but since 
we are interested in divergences coming from large k this would not be a problem as long 
as the "error" we made was just a finite contribution. Unfortunately, this is not the case in 
second order of the expansion, i.e. one has logarithmic divergences for large and for small k. 
But even if we hadn't made the expansion there would be one logarithmically divergent term 
present for both large and small k: It is the first term in the B-tadpole graph Eqn. (I30ep . 
However, the sine-squared (cf. Eqn. ([2"7|) ) cures this divergence, i.e. one has the integral 

~P ~ 2 J " k 4 

In order to calculate the planar, i.e. phase independent, part separately one has to introduce 
a regulator mass fi, and in the end those contributions depending on this cutoff coming 
from the non-planar sector will exactly cancel the ones from the planar sector. The same 
technique can be applied to all other terms when considering the expansion above. 
Therefore, we conclude: 

• The exact expressions are particularly complicated to calculate explicitly, i.e. some 
terms require 3 (or possibly more) Schwinger parameters. 

• Even then, we need a regulator mass for one term of the B-tadpole graph. 

• To simplify calculations we hence use the expansion, introduce a regulator mass \x and 
expect the limit fi — > to be smooth in the sum of planar and non-planar parts. 

The regulator mass may be introduced in the following way in order to arrive at integrable 
expressions (namely integrals leading to modified Bessel functions) after the initial Gauss 
integration: 



e 



ikp r pikp 



d 4 k g — " / d k 2 • ( 32 ) 



(k 2 ) 2 J (k 2 + fi^ 2 ' 

This integral leads to Bessel-integrals of type 



I a = J daa^e-^-^ 2 = 2K (^v^V) , (33) 
o 

which for vanishing regulator reduces to 

lim I a = -2-f E -la(i-\- lim ln(u 2 ) . (34) 

At^O V 4 / M^O 
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Returning to Eqn. ([30|) . we see that we need to solve three types of integrals: 



/ 



d 4 k 77 = ir 2 I a , (35a) 

{k^ + ^f V ; 

k k e ik P it 2 

^ 4fc /,o " on3 = Trivia + finite terms , (35b) 
(k z + /u^J 4 

/k k k k e lk v it 2 
d 4 k 7-^ p ° -4 = — (Sf^Spa + <5 Mp ^ CT + 6fj, a 6 U p) I a + finite terms , (35c) 
(k z + ^) ^4 

where by "finite terms" we mean terms which converge for both [i — > and p — > 0. Plugging 
these formulas into Eqn. (|30p we find a result which, as expected, is transversal with respect 
to i.e. p^Uffi = 0. It is also interesting to note that the second order sum of independent 
graphs (i.e. graphs d and e in Fig. [2]) is also transversal by itself, as indicated below: 



\dp pPa \ ^ + ^)) P =o 2 + \dp pPa 



=0 2 



5 

3 (p 2 <W - PfiPv) ~ 2 (p 2 V - PpVv) 



(2tt)4 

where the parameter integral I' a is given by 



r l' a — I a + finite terms) , (36) 



/; = / daa^e'*^" "*" , (37) 



and A is an ultraviolet cutoff. Hence we are led to the final expression where the infrared 
cutoff fj, drops out in the sum of planar and non-planar parts, as expected: 



v"^ ■ 1 ■ "^;; P=0 2 

5 2 

= ^3 {Pt*Pv ~ P 2 ^^) ( m (^ 2 p 2 ) + fi nite terms) . (38) 

Notice, that we only have a logarithmic divergence in the UV cutoff A coming from the 
planar parts and that the result f|38[) is well-behaved for p — > 0, i.e. there is no logarithmic 
infrared divergence in the external momentum. 



5 Conclusion 

In the present paper we have discussed a translation invariant non-commutative gauge model 
in Euclidean space based on earlier work [TJ [2] . The behaviour regarding divergences of the 

theory is improved mainly by inserting operators ^1 + in the action, where a' is a 

free parameter of the theory. As has already been worked out in great detail [18J for a 
similar scalar model these additional factors lead to a damping in all propagators, thereby 
taming the divergences arising from the UV/IR mixing present in non-commutative models. 
Mathematically, the gauge invariant equivalent of the ~ operator, namely ^ |2 1 ~ 2 , acting on 
F pu has to be interpreted as an infinite series, leading to an unbounded number of gauge 
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boson vertices. As has been shown in Section [2] this problem can be circumvented by the 
introduction of a new antisymmetric field B^ u . Initially thought to be a simple Lagrange 
multiplier, B^ appears to have its own dynamic properties (c.f. the e.o.m Eqn. (fT2|) ). and 
it remains in the action even for a 1 = 0. Nonetheless, it is related to the gauge field by the 
Ward-like identities (fT7|) which suggest a close relation between the new field, and the field 
strength F^ u of the gauge boson A^. 

The action ([8]) is invariant with respect to the BRST transformations Eqns. ([9]) and (jlip . 
However, gauge fixing leads to an unconventional condition which reduces to a standard 
Lorentz gauge for vanishing a. Furthermore, we found a power counting formula (f2T|) allow- 
ing us to estimate the degree of UV divergence of the model. It appears that powers of the 
newly introduced parameter a', which are closely tied to the number of external -B^-legs 
and powers of 9, play an essential role. 

One-loop calculations show that, due to the phase factors associated with vertices and 
momentum conservation, tadpole graphs with one external line vanish. Examination of one- 
loop corrections to the photon propagator show the well-known divergence \20\ [2T| [22] . 
Detailed computation of the divergent part in Eqns. (l29j) and (j38l) shows transversality and 
gauge independence of the quadratic divergence as expected. The latter result is entirely 
independent from the regulator mass introduced in Section 14.31 

In a next step we will have to elaborate on the one-loop corrections to the other prop- 
agators and the vertices (work in progress) before considering two and higher loop graphs. 
It then remains to be shown that the damping mechanism caused by the inserted operators 
D 2q2 an< ^ Fj mentioned earlier suffices to render the theory renormalizable at higher loop 
orders. Furthermore, the physical meaning of the new dynamic field B pv is not entirely 
understood up to now, and will be studied in a forthcoming paper. 
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Using the abbreviation 
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the full expressions for the graphs depicted in Fig. [2] including the symmetry factors listed 
in Table [T]are given by: 
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